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President-H. W. BARBER, M.B., F.R.C.P. [December 17, 1936] The Specific Treatment of Staphylococcal Infections By P. N. PANTON, M.D. I PROPOSE to limit my remarks to the specific treatment of recurrent staphylococcal infections of the skin, of the nature of carbuncles and boils. I take the meaning which the words "specific treatment" are commonly intended to convey, to be treatment by means of the infecting agent or its products, or-in other words-on the lines of recognized immunological procedures. It is not intended to suggest that this form of treatment is necessarily either the best or the only line of attack in bacterial infections.
The specific treatment of staphylococcal disease has been practised for many years and recently there has been a revival of interest and a considerable addition to the literature, though it must be admitted that neither by specific, nor by non-specific, methods have we yet arrived at a satisfactory control of these infections. It should be worth while to review, however briefly and avoiding the minutiae of recent bacteriological research, the more pertinent facts concerned in this bacterial process.
The infecting agent, the staphylococcus, is known to us as an example of a bacterial group the members of which produce a pigment on solid media. The harmless coccus usually present on all skin surfaces forms a white pigment and quite exceptionally a golden one. The organism present in lesions is nearly always Staphylococcus aureus, but exceptionally Staphylococcus albus. The colour of the pigment is therefore not a reliable indication of pathogenicity and further, the extracted pigment itself has no demonstrable function and appears to be either carotine or closely allied to it.
Pathogenicity depends upon the production of powerful and diffusible toxins, as may be shown by growing the organism for thirty-six hours on soft agar, preferably in a partial atmosphere of carbon dioxide, pulping the agar and passing the pulp through a Seitz filter. The filtrate has recognizable toxic properties. By the absence or presence of these toxins, their actions, and their amounts, the staphylococci may be classified into saprophytes and pathogens, and the activities of the pathogens assessed. The toxic output of a pure strain tends to remain fairly constant in culture, and strains isolated at different times and from different sites in the same individual are commonly identical in their toxicity.
Omitting any discussion as to whether the different toxic actions are the result of multiple toxins or the diverse effects of one toxin, the chief results in the bodies of man and animals are hbemolysis, necrosis, destruction of the phagocytes, and sudden death. Of these actions, the necrosis of tissues and the destruction of phagocytes have chief importance in human disease. The homolysin has a powerful action upon the red cells of certain animals such as the rabbit or the sheep, but little effect upon human red cells. The hbmolysin titre, estimated with rabbit red cells, however, always runs parallel with the titre of the necrosing action upon the rabbit's skin and is conveniently used to estimate the potency of both toxic actions. The leucocidin agglutinates and destroys human phagocytes and this action does not run parallel with the hamolysin. The lethal toxin produces sudden death in rabbits; its importance in human disease is uncertain. Other MAR.-DERMAT. 1 toxins or toxic actions are also described and the hmmolysin has been subdivided, but it is not intended to discuss these actions here.
In the specific treatment of staphylococcal infections we can aim at an active immunity by giving the dead bacteria or their products. The method of active immunization employed for many years was by vaccine treatment. More recently toxoid has been used, more recently still, a combination of toxoid and vaccine. I have had a long experience of vaccine treatment and believe it to have considerable value but no longer use it for the following reasons: The value of an autogenous vaccine or a stock vaccine depends upon the toxigenic properties of the strain, not upon whether it is "stock" or "autogenous ", and these properties have to be assessed. The antigenic potency of a vaccine does not depend at all upon the suspended bacteria but solely upon the toxins carried over with them, so that the amount of antigen is not estimated by a bacterial count and must differ in every preparation. In this connexion Dr. Downie bas produced evidence which appears to me conclusive. The work is not yet published but I have Dr. Downie's permission to refer to it. He immunized one set of rabbits with injections of toxoid and another set with suspensions of cocci washed free from toxin. The toxoidinjected rabbits acquired a degree of immunity equivalent to that of animals recovered from a recent infection by living cocci. The immunized animals gave little reaction to intradermal injections of toxin which produced a large slough in fresh rabbits, and small localized and rapidly-healing lesions followed subsequent injections of living cocci, which in the fresh animals produced spreading lesions, of the order of carbuncles. Those rabbits which had been treated by iDjections of the washed cocci acquired no immunity and reacted to injections of toxin or living cocci just as normal rabbits did. The sera of the toxin-immunized rabbits had a good protective action when given along with either toxin or living cocci to fresh rabbits. The sera of the animals treated by wasbed cocci had no protective action.
Toxoid injected into rabbits, or into large animals such as horses, gives rise to an antitoxic serum of fair titre. Men recently infected by staphylococci usually have a slightly higher antitoxic titre in their sera than normal individuals; by treating them with toxoid injections this titre can be considerably raised.
The problem of the specific treatment of staphylococcal infections would seem to be a simple matter; the action of the cocci results from the liberation of their toxins and these can be neutralized. We all know now that the toxin-antitoxin balance is not the whole story and we have to consider what these other problems of specific immunization are. In the first place we are, so far, unable to induce staphylococcal lysins, and however successful the neutralization of toxins may be, the bacteria themselves survive. Probably every patient once infected becomes a carrier, for a short or long period, in the area of the infected skin and, very often, in distant areas also. In a high proportion of chronic staphylococcal dermatoses the infecting strain can also be isolated from the nose. The carrier has to be treated on general principles; there is no specific therapy of any value.
There is another difficulty, not peculiar to staphylococcal infection but extremely characteristic of it. We know that a patient immunized against toxoid until his serum is strongly antitoxic may nevertheless continue to get fresh infections; we know that, in disease generally, a more solid and lasting immunity follows actual infection than any immunization by dead bacteria or toxins, yet in staphylococcal cases the recovered patient is far more liable to further attacks, and at a short interval of time, than the normal person. A severe lesion such as carbuncle is frequently followed by others but the relapsing lesions are often different from the primary focus in that they are usually more rapid in their involution, are more circumscribed, and have a tendency in the later stages to abort altogether.
We find, then, in the recovered patient, and in the immunized man or animal, an apparently contradictory state of partial immunity with increased susceptibility to infection. This state is, I think, clearly shown in the following experiment. The flank of a rabbit is epilated and a series of graded doses of living staphylococci are injected intradermally, the largest dose consisting of 02 c.c. of a 24-hour-old broth culture or X cocci, the next dose of x cocci, then jX and I The normal rabbit gets a large spreading lesion at the site of the X dose, a small circumscribed boil with the x dose and no reaction with -2O and I On recovery the series of injections are repeated and after two or three repetitions the X dose gives rise to a small lesion which appears rapidly, is well circumscribed and resolves in a short time, the x dose gives a somewhat smaller and very similar lesion, but the -and x doses which are non-infective to the fresh rabbit produce small but definite lesions in the immunized animals. One may say that the repeated infections have set up an immunity to the toxic action but have rendered the animal hypersensitive to infection, since one-hundredth of the minimal infecting dose for the normal rabbit is now infective. In some of these sensitized animals after repeated infection the cocci present on the skin were sufficiently numerous for 0-2 c.c. of saline injected intradermally to produce a small lesion. This condition is very suggestive of the clinical state one may see in some relapsing infections in man.
In the process of immunizing animals with other bacteria one knows that while individuals may vary greatly in their responses, in general there is a rise of antibodies in the serum up to a certain point and that if the antigenic injections are persisted with the antibody titre frequently falls again and may fall below the normal standard of the species. Topley found that mice divided into a number of groups and protected against mouse typhoid by an increasing number of injections of vaccine, showed a rising resistance to an infecting dose of living bacteria up to a certain period of immunization, but that in the later groups of mice-those receiving the largest number of injections-the immunity falls again to normal.
In the staphylococcal infections of man every degree of immunity or sensitivity may be met with. A single boil is recovered from and the resulting immunity may be and often is permanent or, on the other hand, relapses occur which may be followed in rare cases by an extreme degree of hypersensitivity. I have occasionally met with chronic cases, previously untreated with specific therapy, which gave the most violent local and general reactions in response to snmall doses of toxoid or vaccine and with other cases which had received a long course of specific treatment and had come to react very violently to further doses. I will give one extreme example of each condition.
It. L., had eleven years' history of boils, and eight years previously a dose of vaccine had been followed by a rigor, a large axillary abscess, and a positive blood culture. In view of this history 0 * 2 c.c. of 1: 1,000 toxoid was given intradermally, and a definite local reaction followed; then a slightly larger dose much diluted was injected into muscle and followed by high fever, the appearance of a fresh abscess, a conjunctivitis, and the swelling of three joints. C. J., had three months' history of furuncles about the wrists and forearms; these cleared up after a few doses of vaccine. The injections of vaccine were persisted with for some months, and then an occasional boil appeared; the vaccine was continued, and after about nine months from the beginning of the treatment it seemed on several occasions quite clear that each vaccine injection was followed by a fresh boil.
It would seem that the patient in the first case had become hypersensitive as the result of infection, and that the patient in the second case had been made hypersensitive by specific therapy.
On the other hand I have seen many cases with a history of recurrent boils over a period of months, in which a course of vaccine or toxoid has been immediately followed by a cessation of the boils, and this result is so common as to be almost the rule. Of these cases a proportion relapse later. I believe the favourable results to be more rapid and more constant with toxoid than with vaccine treatment.
Apart from the fact that after spontaneous recovery or after artificial immunization the infecting agent still remains-and recognizing that there may be local conditions, as in sycosis, which may render all our attempts to cure abortive-we have the further disabilities that immunization is a delicate process which, if over-exercised, may lead to diminished immunity, and that as we immunize we may also hypersensitize, for the two states of immunity and hypersensitivity are not antagonistic but may co-exist.
If this is agreed the position is sufficiently unsatisfactory, but we can at least learn something. The specific treatment of furunculosis is not the mere buying of a bottle of toxoid and giving it to the patient over an indefinite period. One must try to immunize as efficiently as possible and to avoid sensitizing, and the most probable way to effect this is to give the shortest possible course of injections consistent with recovery. In a case of furunculosis the method which has seemed to me to be the most successful has been to begin treatment immediately a lesion has become definitely circumscribed or has opened; to begin with, a small dose of toxoid such as 0 1 c.c. of 1 in 10, and to increase the amounts with bi-weekly injections rapidly up to 05 c.c. of undiluted toxoid, avoiding severe local reactions. This can usually be done in three weeks. Then, if there are no fresh lesions, to stop. If a fresh boil begins to appear at any time in the next few weeks or months, to give a single small dose of toxoid at once, and it is quite remarkable how often these recurrent lesions abort.
There seems to be much in common between tuberculous and staphylococcal infections. In the classical experiment of Koch the local reaction of the tubercleinfected guinea-pig to a second injection of tubercle bacilli has some resemblance to a subsequent injection of staphylococci into the rabbit recently recovered from a similar infection. The patient with healed or active tuberculosis reacts to tuberculin very much as the patient with recent furunculosis reacts to staphylococcal toxin. There is the same coincidence of allergy with immunity, but there is the difference that in tuberculosis the infection once established tends to progress, and in staphylococcal infection to be overcome. The treatment of tuberculosis by tuberculin may be dangerous, and there is grave doubt of its value. In the treatment of staphylococcal infections by toxoid the dangers are present, but if they are recognized there is more possibility of doing good.
The specific treatment of the staphylococcal dermatoses has reached a stage which is admittedly tantalizing, and we are still far from possessing a specific cure, but some advance has been made and we may yet be able to overcome the sensitivity to infection.
I have made no mention of the carbohydrate substance recently isolated by Julianelle, and there may be other substances directly concerned in the production of allergy. It is probably along such lines that final success will come.
Di8U88ion.-Dr. H. MACCORMAC said that he could claim a long acquaintance with vaccines and their use, as he had been employed in the hospital bacteriological laboratory when the method was introduced, and it was then his duty to prepare and administer vaccines to patients with skin and other diseases. At one time the results were so disappointing that the question of giving up this method of treatment altogether was seriously considered. Nevertheless, vaccines had an established place in therapeutics. From what Dr. Panton had said it was clear that they had in many cases been wrongly used, and this applied equally to toxoids. With the new knowledge derived from Dr. Panton's experiments, vaccines would probably be used by dermatologists in a different way, with better results.
Dr. G. BAMBER said that he had continued to use toxoid in staphylococcus infection cases to a considerable extent, but he had given up using it in the cases of superficial sycosis, as he had had no permanent good results in that affection. For recurrent boils he had given about five injections of the staphylococcus toxoid B in a month, and left it at that, because at an earlier date he found with more injections there was no further rise in the titre, and therefore he thought it was not worth while going on with it. He had not worked out his series of cases; very few had returned to him-they might have gone elsewhere-but a few returned, and he had given them more injections of toxoid. When they came up a second time, two or three months later, they were given O * 15 c.c. or 0 * 2 c.c. straight away.
As a rule he did not give the whole series of toxoid injections again.
Dr. A. C. ROXBURGH said that two groups of cases in his department had been treated with toxoid, by Dr. Robert Klaber and Dr. A. Q. Wells. One group consisted of cases of boils and the other of cases of sycosis. In both the results were compared with a control series treated by other methods, without toxoid, and the conclusion reached with regard both to boils and to sycosis was that toxoid was no good at all.
Dr. H. J. PARISH said he was able to confirm what Dr. Panton had stated about the excellent results observed in laboratory animals after the use of toxoid. Vaccines caused little or no rise in circulating antitoxin, but toxoid produced a marked increase. Antitoxic immunity was effective against many fatal doses of toxin and, to a less extent, against living virulent culture injected intravenously. One could also, by this means, obtain protection against toxin and culture injected intradermally. Early clinical results with toxoid had been encouraging, and good results were still being obtained, although the high claims made in the early work had not been completely confirmed. Workers in various hospitals had reported very different results with the same batch of toxoid. It was possible that Dr. Panton's experiments would explain some of these discrepancies.
In reply to a question, Dr. Parish stated that staphylococcus antitoxic sera prepared at the Wellcome Laboratories contained some anti-leucocidin of the Panton-Valentine type. He agreed with Dr. Panton that leucocidin and anti-leucocidin were probably important, but further investigations were clearly necessary. Dr. W. N. GOLDSMITH asked whether Dr. Panton considered that the hmemolytic antitoxin bore any relationship to the defence against the action of staphylococci in producing boils. Early in his paper he had stated that hoemolysin was not of importance in human pathology, but it went parallel with necrosis in rabbits. Did Dr. Panton find that the antitoxic titre was any guide to prognosis in human furunculosis ?
Dr. L. FORMAN said that he had had a small number of cases of chronic boils and over fifty cases of sycosis under treatment with toxoid for prolonged periods. There had been difficulty in obtaining cases of boils which had not responded fairly promptly to simple local treatment or " non-specific " therapy. In the four cases of boils treated, the boils had gone on for years in spite of treatment. The doses of toxoid given varied from 2 c.c. to 4 c.c. in these cases, but the result was very indefinite. The results in sycosis were as indefinite. Possibly too much toxoid was given-the amounts varied from 3 c.c. to 12 c.c. over a given period.
It was well recognized that toxins varied very much in the amounts of haemolysin, coagulating and leucocidin toxins that they contained. It seemed certain that the heemolysin was not important. Was the coagulating or leucocidic factor the reason for the persistence of the infection ? He (Dr. Forman) felt that the leucocidic element was operative, for if the postules were examined it would be seen that the organisms were extracellular and not taken up by the polymorphonuclear leucocytes.
In the treatment of sycosis he had used the Wood-46 strain of toxoid and one prepared from a strain isolated from a case of sycosis. The results were negative. Dr. Llewellyn of the Hampstead Laboratory (Medical Research Council) had kindly supplied these toxoids and also some of the toxoid used in Australia for which good results had been claimed in previous publications. The Australian toxoid was used in four cases of sycosis, and in two of these some improvement was noted.
Dr. Panton in his paper had pointed out that staphylococcal vaccines could sensitize the patient to this organism. At the Guy's Hospital clinic, Dr. Barber and himself (the speaker) had noted that local reactions to vaccines intradermally, were progressively less, and a process of desensitization was taking place. The vaccines were given in doses up to 1,000 millions.
Dr. W. J. O'DONOVAN said he was sure that Dr. Panton would have no difficulty in making his own the general consensus of opinion that the results of the application of toxoids in human diseases were disappointing. Dr. Panton would be the first to recognize how very different were the conditions of animal experimentation from the conditions under which dermatology was practised. The experiments carried out had been prepared and presented with almost irresistible logic, but the human patients often lived in poor and incorrigible conditions; their emotional and endocrine balance was always fluctuating in a way not met with in animal pathology. Diet and the seasons changed the texture and immunity of the human skin from month to month. Long-standing cases received varied applications on the epidermis, ranging from antiseptic preparations to all varieties of raytherapy; in addition to which patients were inspired by the Press and by their friends to apply patent preparations of unknown potency and unpublished composition. Furthermore, many skins had not been washed for months, owing to a professional prejudice against washing and others were continuously dirty. In considering all this he was certain that Dr. Panton would not be disappointed if his human results had not fulfilled the promise held out by patient, long-continued, and courageous laboratory investigations. Sycosis barbee, in particular, was a reproach to dermatology and to test a possible line of advance upon this formidable disease was almost to ask for an initial setback.
Dr. PANTON (in reply to Dr. Goldsmith) said he did not think that heemolysin had any effect in the pathology, but it happened that the hemolysin and the necrosing factor ran parallel, and the former was easier to estimate. He did not mention sycosis in this paper, but he had found no real value in toxoid treatment of this disease.
One point which Dr. Forman mentioned had been omitted from the paper, namely, that in using toxoid it was very important that the toxoid should be prepared from a strain producing both hoemolysin and leucocidin. He agreed with Dr. Forman that cases of chronic relapsing furunculosis were not really common.
With regard to Dr. O'Donovan's remarks as to dirt, he had not been thinking so much of the hospital type of patient as of the type who habitually washed and looked after himself.
He had not intended to suggest for a moment that those who used toxoid should confine themselves to that treatment. He was not a clinician, but he made some attempt to get rid of staphylococci in the skin by other methods. Mrs. R. aged 45. History.-First noticed a single dark patch on the left side of lower lip about ten years ago. The pigmentation very gradually spread to its present extent, unchecked by the application twice weekly of a carbolic paint.
CASES
She has two children, aged 22 and 18 respectively; has never had a miscarriage. Has always bruised very easily; an accidental knock of the leg against a chair, would usually produce a bruise the size of a shilling which would fade in about a week. She has never had a hemorrhage. She cannot ride in a car or bus without experiencing " sinking feelings " in the lower abdomen. The blood-pressure is only 100/70. There is no similar case in her family.
General health.-Suffered from "nervous debility" at the age of 10, for two or three years. Attended for a time at the Great Ormond Street Hospital for Children, and remembers that she was given iron mixtures for several months. Never given arsenic and never treated with lead or silver.
On examination.-Involvement of the lower lip, the buccal and palatal mucosa, and the alveolar ridges. The pigment is of a greyish-brown tint, and is disposed in small patches varying from pea-sized to that of a threepenny piece. The largest and darkest is at the buccal side of the angle of the mouth on both sides. From this point the patches run symmetrically backwards in a somewhat linear fashion and end abruptly before reaching the faucial pillars. The hard palate is speckled with small isolated pigmentary deposits, each about the size of a split pea. There
